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Abstract 
This paper concerns tin dioxide gas sensors for automotive exhaust gas application. It consists in elaborating robust 
sensors on alumina substrate by screen-printing technology. Sensors have been tested on a synthetic gas bench which 
is able to generate high gas velocity and gases at high temperatures close to real exhaust gas conditions. The 
responses of the sensors to three gases were modeled, and the classical model of electrical conductivity with one 
reducing or oxidizing pollutant gas was extended to mixtures. Comparisons between models and experiments are 
presented with good agreements. 
© 2012 Published by Elsevier Ltd. 
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1. Motivation and sensors 
Legislation obliges car manufacturers to reduce and control emissions. Hence, there are actually many 
researches on exhaust gas sensors. Most of them are based on devices issued from oxygen Lambda 
sensors or mixed potential type sensors [1,2] using solid electrolyte as sensing element. On the contrary, 
there are few studies on this topic, using semiconducting metal oxides gas sensors. This kind of gas 
sensors, in particular tin dioxide sensors, is well known and is used in many areas such as, for example, 
process control, environmental control and domestic security [3]. So, in this study, we developed a robust 
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gas sensor based on tin dioxide, and we investigated its potentialities for automotive exhaust gas 
application.  
We opted for robust planar sensors on alumina substrate which were totally elaborated by screen-
printing technology. Sensors consist in an encapsulated sensitive layer of tin dioxide, with gold 
electrodes, surmounted by a porous protective layer based on a dielectric material. An integrated platinum 
heater is deposited on the opposite side of the substrate (fig 1). More than 100 sensors were realized and 
tested, so that the results have a suitable statistical weight. 
  
     (a)             (b) 
Fig. 1. Tin Dioxide sensors (a) schematic view; (b) without and with encapsulation 
Sensors were tested in a laboratory testing bench with conditions close to those of an automotive 
exhaust pipe. Our “standard conditions” were: gas velocity 0 to 6 m/s, gas temperature 20 to 250°C, 2 
vol.% of water vapor, 12 vol.% of oxygen. The temperature of the sensors was within the range 400°C-
600°C and was controlled. The detected "pollutant" gases were carbon monoxide (CO), nitrogen dioxide 
(NO2) and propane (C3H8). The electric conductances were measured with one "pollutant" gas and with 
binary mixtures.  
Our measurements have showed that the gas temperature and velocity had no influence on the sensors 
responses , when their temperature is controlled. On the other hand, the sensitivity depends on the 
temperature of the sensor: it is maximal at 400, 500 and 600°C respectively for CO, C3H8 and NO2. 
2. Modeling of the sensors responses  
2.1. One pollutant 
It is now relatively well admitted that the electric conductivity of tin dioxide is governed by the 
depletion phenomena at the grain boundaries, linked to  oxygen species (O- ions) adsorbed at the surface. 
N. Yamazoe and K. Shimanoe [4] in particular, modeled the consequences of the presence of a polluting 
gas on this conductivity. Molecules of a reducing gas A (like CO or C3H8) are oxidized by O- ions, that 
reduces their number and thus increases the conductivity. They show that in the case of these gases and 
for the adequate approximations, the conductance follows a ½ power function: 
ࡳ࡭ ൌ ࡳ૙ ൈ ሺ૚ ൅ ࡷ࡭ ൈ ࡼ࡭ሻ૚ ૛ൗ   (1) 
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Fig. 2: Variations of sensors conductance (µS)  w
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Hence, we can represent the electr
serialization of the resistance under r
influence of the oxidizing gas KCPC in
we can suggest the following electrical
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Fig 3: Electrical model of tin dioxide resistance f
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Fig. 4. Sensors conductance  (µS) with mixtures 
monoxide and propane; (b) nitrogen dioxide and 
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